The antimicrobial effects of diethanolamine, dimethylamino-methyl-propanol, and butylethanolamine are greatly enhanced at high pH. Their antimicrobial activities are closely correlated with their uncharged forms, indicating that diffusion through cell membrane(s) is rate limiting for the antimicrobial action. Since these compounds are selectively toxic at high pH, they are appropriate antimicrobial agents for use in alkaline metalworking fluids.
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All inactivation experiments were performed in duplicate, the viable counts were plotted in the figures included in this article, and the two counts of a duplicate test were connected with a vertical bar. However, no bars appear in the figures, since the two values were so close that they are covered by one symbol.
The concentration of free base at a given pH is described by the equilibrium R3NH+=R3N + H+ [a] [ Fig. 1 and 2 ). conc., Concentration.
tion of more than 105 compared with uninhibited growth was found at pH 9.1 for 76 mM diethanolamine, 17 mM DMAMP, or 20 mM butylethanolamine. Bacteriostatic activity in the absence of alkanolamines was found only at pH 9.9.
When the surviving fraction of P. pseudoalcaligenes observed after exposure to DMAMP at different concentrations and pHs (Fig. 2) was plotted against the calculated concentration ([b], equation 2) of the uncharged form of DMAMP, inactivation of the bacteria seemed to be strictly dependent on this calculated concentration (Fig. 3) . For 99% inactivation, ca. 1 mM uncharged form was required, independent of the total concentrations of DMAMP and the pH used. Similar relationships were observed for diethanolamine and butylethanolamine. For 99% inactivation of P. pseudoalcaligenes, ca. 20 mM diethanolamine (uncharged form) or ca. 1 mM butylethanolamine (uncharged form) (Fig. 3) was needed.
Our results show that antimicrobial activity is associated with the unprotonated form of the alkanolamine. Since an uncharged species is more liable to diffuse through microbial membranes than a charged species is (7, 10) , it is likely that diffusion is rate limiting for the antimicrobial action observed.
The microbes (2, 3, 11, 12, (14) (15) (16) 19) , parasites (17) , and eggs and larvae of insects (6), is sensitive. However, only a few examples of pH-dependent toxicity have been reported. The toxicity of triethanolamine for Lactobacillus arabinosus was enhanced by a pH increase from 5 to 7 (16) , and the MIC of dodecyldiethanolamine (PKa = 6.4) for Escherichia coli was found to decrease from 0.042 to 0.026 mM by a change in pH from 6.0 to 8.0 (13) .
Protolytic compounds are usually more toxic in their uncharged than in their charged forms, a classic example being benzoic acid (1) . It has been shown that certain substances accumulate in the lysosomes of mammalian cells, where the pH usually is 2 to 4 units lower than in the cell sap. One group of such lysosomotropic agents consists of amines having pKa values in the range of 5 to 9. These compounds are thought to penetrate the cytoplasmic and lysosomal membranes in the unprotonated form but become protonated and trapped inside the lysosomes (7) (8) (9) (10) 18) . Similarly, intracellular protonation of an alkanolamine may cause an accumulation of the compound and an increase in celldamaging capacity. 
